Gas chromatography with mass spectrometry was used for performing a qualitative analysis of liposoluble flour extract made of different types of small grains (bread wheat, barley and triticale). The results show that the dominant methyl-esters of fatty acids composition is same for all samples, but the per centage of their representation in various types of small grains is different. The transesterification reagent was TMSH (trimethylsulfonium hydroxide, 0.2 M in methanol). In the transesterification reaction, the fatty acids from acylglycerol esterified to methyl-esters. In all the analysed extracts, methyl linoleate predominated, followed by methyl palmitate, methyl oleate and methyl stearate in decreasing order. The following cluster analysis was used for the comparison of the liposoluble flour extracts to different types of small grains.
Small grains of high quality have been dominant on the world market in the last decade. An improved potential for yield and quality in the breedingproduction-processing triangle would create preconditions for even more successful marketing of our seed, both on local and foreign markets. Special importance is given to the improvement of yield and quality potential of alternative small grains due to their constant demand and shortage on the world market. Additionally, an important fact is that prices of alternative small grains are in comparison to the bread wheat increasing by up to 25%. The lack of reliable information on the price policy for alternative small grains on the world market prevents foreseeing the importance of research in alternative small grains, but they still possess high potential for use in various fields (animal husbandry, healthy food, ecology, microbiotics, etc.). Improvement of small grains processing has great potential primarily in increasing quality of raw materials, improvement of processing equip-ment and quality of final products, which would significantly affect the commercial sector (new products, new processing methods, expanding the range of small grain products, etc.).
The term lipids implies fats and fat-like substances usually contained in flour in concentrations of about 1.5-2.5%. In recent years, increasing importance is given to the presence of lipids in testing, and testing in this direction has been rather intense. Although they are present in small quantities, lipids play an important part in creating physical properties of testing and to a large extent have a positive influence on the technological quality of flour [1] [2] [3] [4] . They affect surface properties of starch grains, improve interaction between starch and gluten and affect testing development [5] . Lipids are also necessary for physiological functions such as fat-soluble vitamin absorption and hormone and eicosanoid synthesis.
Wheat flour lipids contain 30-35% of tryglycerides, 15-20% of mono-and diglycerides, 5-10% of free fatty acids, about 25% of phospholipids and about 15% of glycolipids. In terms of solubility in different solvents, flour contains free and bound lipids. Free lipids are, due to their polar nature, easily and quickly extracted by non-polar solvents (petroleum ether, diethylether, acetone, hexane, etc.), whereas bound lipids (with proteins and partially with starch) can be extracted fully or partially with polar solvents, i.e., their mixtures (n-butanol/water, water/ethanol/ /ether and other).
On the other hand, lipids may be divided into polar and non-polar. Polar lipids are those lipids which, in addition to a lipophilic, also contain a hydrophylic group. The study showed that the technological quality of flour is actually favourably influenced by polar lipids, whereas non-polar, if they are the only one present, produce an adverse effect. If testing contains both polar and non-polar lipids, the adverse effect of non-polar lipids is eliminated. Flour lipids thus contain about 45% of non-polar and about 55% of polar lipids, out of which ¾ are bound polar, and about ¼ are free polar lipids. Most free lipids are non-polar lipids which predominantly consist of neutral triglycerides, diglycerides and monoglycerides. These are the compounds in which one, two or three -OH groups of glycerols are esterified with fatty acids (linoleic, oleic, palmitic and linolenic acid). Free fatty acids and monoglycerides, and their derivatives, can build complexes with helical amylose. In this manner, monoglycerides affect the properties of dough and bread and have a favourable effect on preservation of freshness of bread. A monoglyceride additive increases gelatinisation temperature and reduces amylose swelling and pouring out of starch grains, which, consequently, increases solubilisation and strain of starch grains to the temperature above 85 °C [6] .
In terms of polar lipids, special importance is given to glycolipids and phospholipids. Glycolipids and phospholipids also bond with protein and starch, and lack of polar lipids may cause deterioration of the technological quality of flour and products quality. The fatty acids and other minor components of wheat and wheat products have been studied by many [7] [8] [9] [10] .
The purpose of this study is to determine the possibility of differentiation of types of flour by creating dendrograms of liposoluble extracts. The following spices of small grains have been analysed: 7 types of winter wheat (Simonida, Dragana, NS-40S, Pobeda, Ljiljana, Zvezdana and Arija), 1 type of titricale (Odisej) and 2 types of winter barley NS-565 (two-row and malting barley) and Nonius (multiple-row, animal feeding barley).
EXPERIMENTAL Sample preparation
About 10 g of each of the following grains were ground: Simonida, Dragana, NS-40S, Pobeda, Ljiljana, Zvezdana, Arija, Odisej, NS-565 and Nonius.
Each sample was homogenised and further treated in the following manner. A 12 mL cuvette for centrifugation was used for pouring 0.5 g of flour with the precision of 0.01 g. The cuvette was additionally filled with 5 mL of n-hexane and mixed by vortex stirring for 2 min, after which the mixture was centrifugated at 2000 rotations/min for five minutes. After this, 3 mL of clear supernatant was poured into a 10 mL glass and left to steam upon the ambient temperature. An amount of 10 µL was taken from the oily residue, reconstituted to 400 µL of methanol, followed by the addition of100 µL of transesterification reagent: TMSH (trimethylsulfoniumhydroxide, 0.2 M in methanol, Macherey-Nagel). In such a transesterification reaction, fatty acids from acilglycerol esterify to methyl esters.
All the testing was conducted on a gas-chromatography system.
The GC-MS analyses were performed on an Agilent Technologies 7890 instrument coupled with MSD 5975 equipment (Agilent Technologies, Palo Alto, CA, USA) operating in EI mode at 70 eV. A DP-5 MS column (30 m×0.25 mm×25 μm) was used. The temperature programme was: 50-130 °C at 30 °C/ min and 130-300 °C at 10 °C/min. The injector temperature was 250 °C. The flow rate of the carrier gas (helium) was 0.8 mL/min. A split ratio of 1:50 was used for the injection of 1 μl of the solutions.
RESULTS AND DISCUSSION Figure 1 shows one chromatogram of a wheat sample Arija from 6 to 21.60 min. Similar chromatograms are also obtained for other samples. The peak integration showed a ratio of components areas1:150.
The recorded chromatograms clearly indicate three fields (Figure 1 ). The first field contains minor components which are visible by the twelfth minute on the chromatogram, which is the same in its composition in all samples ( Figure 2 and Table 1 ).
In this part of the chromatogram, two out of seven components are not identified. The integrated surface of these components' peaks has the same value as other components, which is why they are included in the calculation of a correlation. Diisobutylphthalate originates from plastic extensions of a transfer pipette.
The profile of fatty acids of analysed small grains was the same in all samples. The following fatty acids have been identified in the form of methyl esters: palmitic acid, oleic acid and linoleic acid. The retention time of these methyl esters occurs in the interval from the twelfth to the fourteenth minute (Figure 1, vertical ellipse). Fatty acids, i.e., their methylesters make up about 90% of the integrated surface of the chromatogram. They originate only from non-polar lipids. Chromatogram of methyl-esters of fatty acids is presented in Figure 3 . Table 2 presents retention time of components of the chromatogram part presented in Figure 3 .
The third part, which starts from the fourteenth minute ( Figure 1 , the right ellipse), is presented in more details in Figure 4 .
The chromatogram of the wheat sample Arija after the fourteenth minute contains eighteen compounds which have been identified and integrated (Table 3) phthalate and it originates from instruments used in sample preparation, therefore, it was not included in the statistics. Generally, in all ten types of small grains, great similarity in the composition of lipophilic components was identified.
The purpose of the study was not to identify oil components, but to compare presence of components in samples of oil from flour of ten types of small grains. Cluster analysis was used for the comparison of the samples. We used single linkage algorithm and similarity measure type of correlation [11] . Table 1 ) is significant (r > 0.9975; Figure 5 ). Figure 5 . Dendrogram of components correlations from Table 1 of different types of small grains (the first ellipse of the chromatogram presented in Figure 1 ).
Similarity in the composition of dominant fatty acids of ten different types of small grains (components listed in Table 2 ) is also considerable (r > 0.9987; Figure 6 ).
The largest differentiation of types of flour show components with retention time from 14.00 to 21.6 min (components listed in Table 3 ) (r > 0.6400; Figure 7 ). Figure 6 . Dendrogram of components correlations from Table 2 of different types of small grains (the second ellipse of the chromatogram presented in Figure 1 ). Figure 7 . Dendrogram of components correlations of different types of small grains -chromatogram (the third ellipse of the chromatogram presented in Figure 1 ).
Generally speaking, this differentiation applies only to liposoluble components, and not to the biological origin of flour.
CONCLUSION
This studyhas shown that itis possible to compare types of plants against the content of lipids with GC-MS chromatography and correlation analysis. The GC-MC analysis allows elimination of compounds (peaks) which do not have a biological origin or origin specific for analysed samples.
